Abstract The N170 component is considered a neural marker of face-sensitive processing. In the present study, the face-sensitive N170 component of event-related potentials (ERPs) was investigated with a modified oddball paradigm using a natural face (the standard stimulus), human-and animal-like makeup stimuli, scrambled control images that mixed human-and animal-like makeup pieces, and a grey control image. Nineteen participants were instructed to respond within 1000 ms by pressing the 'F' or 'J' key in response to the standard or deviant stimuli, respectively. We simultaneously recorded ERPs, response accuracy, and reaction times. The behavioral results showed that the main effect of stimulus type was significant for reaction time, whereas there were no significant differences in response accuracies among stimulus types. In relation to the ERPs, N170 amplitudes elicited by human-like makeup stimuli, animal-like makeup stimuli, scrambled control images, and a grey control image progressively decreased. A right hemisphere advantage was observed in the N170 amplitudes for human-like makeup stimuli, animal-like makeup stimuli, and scrambled control images but not for grey control image. These results indicate that the N170 component is sensitive to face-like stimuli and reflect configural processing in face recognition.
Introduction
Comparing responses elicited by face and non-face objects is a common research method (e.g. Yamada and Kashimori 2013; Xu et al. 2012) . The N170 component of eventrelated potentials (ERPs) is regarded as a marker of facesensitive processing (Bentin et al. 1996; Eimer 2000a ) because its amplitude is more negative in response to faces than in response to non-face objects (Bentin et al. 1996; Caharel et al. 2013; Eimer 2000a, b; Halgren et al. 2000; Itier et al. 2006; Itier and Taylor 2004; Joyce and Rossion 2005; Liu et al. 2002; Rebai et al. 2001; Rossion et al. 2000 Rossion et al. , 2003 Rousselet et al. 2004; Sagiv and Bentin 2001) . Interestingly, some non-natural faces can elicit N170 amplitudes similar to natural faces. Sagiv and Bentin (2001) used photographs of natural faces, painted portraits, sketches of faces, and schematic faces to show that N170 did not distinguish between natural faces, painted portraits, and schematic faces. Caharel et al. (2013) reported that the N170 component is sensitive to both natural face images and stimuli containing sufficient configural information to be perceived as a face (Arcimboldo portraits). Ape faces can also elicit N170 components with similar amplitudes to those elicited by human faces (Carmel and Bentin 2002; de Haan et al. 2002; Itier et al. 2006) . Churches et al. (2009) found that N170 amplitudes were larger for objects classified as face like than for those classified as non-face like. Luo et al. (2013) first investigated differences provoked by face-like stimuli using human-and animal-like makeup stimuli selected from pictures of Peking opera characters. They showed that human-like makeup stimuli elicited larger N170 amplitudes than animal-like makeup stimuli. They proposed that N170 could be used to distinguish between the two stimuli because it is sensitive for the mouth component of face-like stimuli. Although the previous study linked the N170 component and facial elements, particularly in the eyes (e.g. Bentin et al. 1996) , the major findings indicated that N170 component is more sensitive to face configural information (e.g. Eimer 2000b; Rossion et al. 2000; Itier et al. 2007; Eimer et al. 2011) . Moreover, the difference in physical variance cannot account for differences in N170 amplitudes elicited by faces, face-like and non-face-like objects (Churches et al. 2009 ). Therefore, we suspect that the reason for distinguishing between human-and animal-like makeup stimuli is not the difference of the facial components but the decrease of configural information in face recognition. We hypothesize that N170 amplitudes will decrease when less face configural information is presented.
To address this issue, we replicated and extended previous research. In the present study, the face-sensitive N170 component of ERPs was investigated with a modified oddball paradigm using a natural face, human-and animal-like makeup stimuli, scrambled control images that mixed human-and animal-like makeup pieces, and a grey control image. Our approach differed from that of Luo et al. (2013) in that we added scrambled control images and a grey control image. The scrambled control images were a blend of human-and animal-like makeup pieces on an oval shape, similar to human faces. The scrambled control images disrupt face configuration information, and the grey control image completely eliminates face configuration information. The purpose of adding these images was to further investigate the role of face configuration information during a face categorization task. The human-like makeup stimuli had configural information more similar to human faces than animal-like makeup stimuli, scrambled control images had the same shape but disrupted facial configural information, and the grey control image had the same shape without facial configural information. We therefore hypothesized that human-like makeup stimuli would be more strongly perceived as human faces and elicit more negative N170 amplitudes than the other three stimuli, with elicited N170 amplitudes progressively decreasing from human-like makeup stimuli, animal-like makeup stimuli, and scrambled control images to the grey control image.
Materials and methods

Subjects
Nineteen undergraduates (nine males, aged 18-23 years, mean age 19.95 years) from Chongqing University of Arts and Sciences participated in the experiment as paid volunteers. All participants were healthy, right-handed individuals with normal or corrected-to-normal vision. All participants provided written informed consent, and the study protocol was approved by the Ethics Committee of The Chongqing University of Arts and Sciences.
Stimuli
The experiment consisted of 4 blocks of 200 trials with each block including 140 standard images and 60 deviant images (see Fig. 1 ). The standard image was a shaved, neutral male face that only showed interior characteristics from the Chinese Facial Affective Picture System (Wang and Luo 2005) . The deviant images were 30 front-view grayscale pictures of Peking opera character faces with human-or animal-like makeup (15 each) that were obtained from the Chinese Peking Opera Make-Up Picture System. The 15 scrambled control images were a blend of pieces of human-and animal-like makeup (see Bentin et al. 1996 for a similar manipulation). A grey image was used as a clean control. The stimuli size was 128 pixels wide by 170 pixels high, the brightness of each stimulus was the same (average grayscale value, 5.64 9 10 -5 ), the contrast grade range was 0.2548-0.5810, and spatial frequency was \120 cpi. The viewing angle was 5.7°9 4.61°, and the screen resolution was 72 pixels per inch. All stimuli were presented at the center of a white screen with the same contrast and brightness.
Procedure
All participants were seated in a light-and sound-attenuated room. They sat comfortably 90 cm away from a 17 in. computer screen with 75-Hz refresh frequency and were instructed to look at a fixation point in the center of the screen. Before the experiment, the participants were informed that the purpose of the current study were to assess their ability to make a fast response selection when the standard image and deviant images appeared. Participants were then requested to press keys in response to the type of stimulus as accurately and quickly as possible, pressing ''F'' or ''J'' on the keyboard when the standard stimulus or deviant stimuli were presented on the screen, respectively. The experimental procedure was programmed with E-prime 2.0 (Psychology Software Tools Inc., Pittsburgh, Pennsylvania, USA). Each trial was initiated by a black '?' sign displayed at the center of the white screen for 300 ms, then a blank white screen for a duration that varied randomly between 400 and 1000 ms, followed by the stimulus. Stimuli were terminated by the participant's key press response or after 1000 ms had elapsed. Each response was followed by a blank white screen for 1000 ms. The timeline of an experimental trial is presented in Fig. 2 . Before the formal experiment, participants need to be familiar with the procedure and completed pre-training over 40 practice trials (28 standard and 12 deviant stimuli). During pre-training, the standard stimulus was identical to the formal experiment; however, the deviant stimuli (2 human-like and 2 animallike stimuli) were different.
Electroencephalography recording and analysis
Data were collected from 64 scalp sites using tin electrodes mounted on an elastic cap (Brain Products) according to the extended International 10-20 System. EEG signals were recorded by Vision Recorder software (Brain Product) with the reference electrode situated at the bilateral mastoids. Vertical electro-oculographies (EOGs) were were recorded from electrodes on the infraorbital and supraorbital ridge of the right eye. Horizontal electrooculographies (EOGs) were recorded via two electrode sites at the outer canthi of each eye. All inter-electrode impedance was maintained below 5 kX. After being amplified via a 0.01-100 Hz bandpass, EEG and EOG recordings were sampled at 500 Hz/channel and re-referenced offline to obtain a global average (Bentin et al. 1996) . Averaging of ERPs were processed offline with Analyzer 2.1 software (Brain Products); trials with EOG artifacts (mean EOG voltage exceeding ±80 lV) and those contaminated with artifacts because of amplifier clipping, where peak-to-peak deflection exceeded ±80 lV, were excluded from averaging. The averages were then digitally filtered (0.01-30 Hz, 24 dB/octave). Electroencephalogram activity (N170 components) for correct responses to human makeup stimuli, animal makeup stimuli, scrambled control images and the grey control image were timelocked to stimulus onset and averaged across 1200 ms, including a 200 ms prestimulus baseline. Base on the topographical distribution of grand-averaged ERP activity and previous studies (Itier et al. 2006; Luo et al. 2010) , we selected the four most representative electrode sites (PO7/ PO8, P7/P8) located in the occipitotemporal cortex for N170 component (145-185 ms) analysis. We analyzed mean N170 amplitudes for stimuli with three-way repeated-measures analysis of variance. Factors involved in the analyses were stimulus type (four levels: human makeup stimuli, animal makeup stimuli, scrambled control images and the grey control image), hemisphere (two levels: left and right), and electrode site. p values were corrected by application of Greenhouse-Geisser correction. Fig. 1 Example stimuli of the human-like makeup stimulus, animal-like makeup stimulus, scrambled control image and grey control image sets Fig. 2 The timeline of an experimental trial. Participants were instructed to respond within 1000 ms by pressing the 'F' key in response to the standard stimulus or the 'J' key in response to deviant stimuli Cogn Neurodyn (2016) 10:535-541 537
Results
Behavioral results
In terms of reaction time, we observed a significant main effect of stimulus type [F(3, 54) = 8.719, p \ 0.001, g 2 p ¼ 0:326]. The reaction time for human-like makeup stimuli (459.05 ± 11.87 ms) was longer than that for scrambled control images (444.34 ± 11.25 ms, p = 0.001), whereas the reaction time for human-like makeup stimuli did not differ from animal-like makeup stimuli (455.68 ± 9.48 ms, p = 0.452) or the grey control image (468.69 ± 10.52 ms, p = 0.107). The reaction time for animal-like makeup stimuli was longer than that for scrambled control images (p = 0.009) but was shorter than the grey control image (p = 0.020). The reaction time for scrambled control images was shorter than that for the grey control image (p \ 0.001). There were no significant differences in response accuracy among the four stimuli types (human-like makeup stimuli, 0.92 ± 0.08; animal-like makeup stimuli, 0.92 ± 0.07; scrambled control images, 0.94 ± 0.07; the grey control image, 0.94 ± 0.07; F(3, 54) = 1.716,
Event-related potential results
N170 amplitudes showed significant main effect at stimulus type [F(3,54) = 116.189, p \ 0.001, g 2 p ¼ 0:866]. Humanlike makeup stimuli (-15.46 ± 1.38 lV) elicited lager N170 amplitudes than animal-like makeup stimuli (-14.09 ± 1.31 lV, p \ 0.001), scrambled control images (-10.13 ± 1.24 lV, p \ 0.001) and the grey control image (-8.12 ± 1.00 lV, p \ 0.001), animal-like makeup stimuli elicited lager N170 amplitudes than scrambled control images (p \ 0.001) and the grey control image (p \ 0.001), scrambled control images elicited lager N170 amplitudes than the grey control image (p = 0.001). N170 amplitudes showed a marginal significant main effect at hemisphere [F(1,18) = 4.166, p = 0.056, g 2 p ¼ 0:188], and that the right hemisphere (-12.75 ± 1.31 lV) elicited more negative amplitudes than the left (-11.15 ± 1.23 lV). There was a significant interaction between stimulus type and hemisphere [F(3,54) = 5.640, p = 0.01, g 2 p ¼ 0:239; Fig. 3 ]. Simple effects analyses showed that the right hemisphere elicited significantly larger N170 amplitudes than the left in response to human-like makeup stimuli (right -16.73 ± 1.57 lV; left -14.20 ± 1.39 lV; p = 0.034), animal-like makeup stimuli (right -15.18 ± 1.47 lV; left -12.99 ± 1.30 lV; p = 0.032) and scrambled control images (right -10.88 ± 1.33 lV; left -9.37 ± 1.25 lV; p = 0.058), but not the grey control image (right -8.20 ± 0.98 lV; left -8.04 ± 1.09 lV; p = 0.788).
Discussion
Our findings are consistent with the hypothesis that the N170 component is sensitive to face-like stimuli. N170 amplitudes were significantly more negative in response to human-like makeup stimuli than animal-like makeup stimuli, scrambled control images, and the grey control image. Individuals build configural and holistic mental representations of facial identities. The N170 component is considered to reflect configural information in a face (Bentin et al. 1996; Eimer 2000a; Itier and Taylor 2004) as there is clear evidence that it is associated with configural face processing (Eimer et al. 2011; Sagiv and Bentin 2001) . Previous studies have shown that N170 is not affected by familiarity (Bentin and Deouell 2000; Eimer 2000a ), gender (Ito and Urland 2005; Mouchetant-Rostaing et al. 2000) , spatial frequency information (Holmes et al. 2005) , or other factors, further supporting the hypothesis that it is related to configural/holistic face processing.
Human-and animal-like makeup stimuli possess the complete global configuration of actual faces. Consequently, these two materials elicited larger N170 amplitudes than scrambled control images or the grey control image. Our results corroborate those of numerous studies showing that the N170 component reflects configural processing in face-like stimuli recognition through a wide variety of face-like materials such as Arcimboldo portraits (Caharel et al. 2013) , schematic stimuli (Eimer et al. 2011) , and other face-like objects (Churches et al. 2009; Hadjikhani et al. 2009; Ichikawa et al. 2011) . These results indicate that individuals are holistically processed on the basis of their global face configuration rather than their features. Thus, configural processing also plays a vital role in perceiving a face in a face-like object.
Compared to animal-like makeup stimuli, human-like makeup stimuli elicited larger N170 amplitudes, presumably because they had more complete configural information. This result is consistent with the study by Luo et al. (2013) reporting that human-like makeup stimuli elicited larger N170 amplitudes than animal-like makeup stimuli. Scrambled control images were processed as non-face rather than face or face-like stimuli because their configural information was scrambled, and scrambled faces elicited smaller N170 amplitudes than faces (Bentin et al. 1996; Rodríguez et al. 2012; Sagiv and Bentin 2001) . Therefore, N170 amplitudes of scrambled control images were smaller than human-and animal-like makeup stimuli. Scrambled control images probably caused larger amplitudes than the grey control image because the former still contained some residual inner features. Conversely, the grey control image did not contain any facial configural information, and it elicited the smallest N170 amplitude among the four stimuli types. Despite this, scrambled control images and the grey control image still caused large amplitudes, probably because their shape was consistent with actual faces. This indicates that the ovoid shape is an important cue that can help us recognize faces during classification tasks. These results show that N170 amplitudes decrease progressively with less configural information in face recognition.
Our findings also showed that the N170 amplitudes were larger over the right than the left hemisphere in response to human-like makeup stimuli, animal-like makeup stimuli, and scrambled control images except for the grey control image. Many studies showed that higher N170 amplitudes over the right hemisphere were observed in response to real faces (Bentin et al. 1996; Fan et al. 2015; Dundas et al. 2015; Kovács et al. 2013; Luo et al. 2010; Rossion et al. 2003; Sagiv and Bentin 2001) . Consistent with previous studies (Sagiv and Bentin 2001; Krombholz et al. 2007) , we found that face-like stimuli can induce greater N170 amplitudes in the right hemisphere compared to the left. This indicates that although human-like makeup stimuli, animal-like makeup, and scrambled control images are face-like, the brain processes the face-like stimuli more similarly to how it processes real faces. Scott and Nelson (2006) proposed that hemispheric differences in N170 amplitudes are associated with differences in the strategy used for face perception. Specifically, configural strategies result in a larger right hemisphere N170. There is ample evidence that the right hemisphere is specialized for global or holistic processing of faces, whereas the left hemisphere is specialized in featural processing (e.g. Rhodes et al. 1993; Robertson and Delis 1986) . Consequently, there was a right hemisphere advantage of N170 amplitudes for the three types of face-like stimuli but not for the grey control image, indicating a role for configural processing in face recognition. Overall, our results support the view that stimuli with the same configural information as a face can trigger N170 amplitudes (Carmel and Bentin 2002; Sagiv and Bentin 2001) similar to real faces.
Conclusion
Our results showed that progressively increasing N170 amplitudes elicited by the grey control image, scrambled control images, animal-like makeup stimuli, and humanlike makeup stimuli. Furthermore, a right hemisphere advantage was observed in the N170 amplitudes for human-like makeup stimuli, animal-like makeup stimuli, and scrambled control images but not the grey control image. These results indicate that the N170 component is sensitive to face-like stimuli and reflect configural processing in face recognition. 
